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(57) Systems, methods, and other embodiments de-
scribed herein relate to improving obstacle avoidance for
a virtually connected convoy of vehicles. In one embodi-
ment, a method includes detecting an obstacle in a path
of a convoy, determining that a vehicle in the convoy is to
execute obstacle avoidance based on a property of the
vehicle and a physical property of the obstacle, and
disengaging a following mode of the convoy responsive
to a determination that the vehicle is to execute obstacle
avoidance.
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Description

TECHNICAL FIELD

[0001] The subject matter described herein relates, in
general, to managing virtually connected convoys and,
more particularly, to executing obstacle avoidance for
vehicles in a virtually connected convoy.

BACKGROUND

[0002] Vehicles may be equipped with sensors that
facilitate perceiving other vehicles, obstacles, pedes-
trians, and additional aspects of a surrounding environ-
ment. For example, a vehicle may be equipped with a
light detection and ranging (LIDAR) sensor that uses light
to scan the surrounding environment, while logic asso-
ciated with the LIDAR analyzes acquired data to detect a
presenceof objects andother featuresof the surrounding
environment. In further examples, additional/alternative
sensors such as cameras may be implemented to ac-
quire information about the surrounding environment
from which a system derives awareness about aspects
of the surrounding environment. This sensor data can be
useful in various circumstances for improving percep-
tions of the surrounding environment so that systems
such as autonomous driving systems can perceive the
noted aspects and accurately plan and navigate accord-
ingly. As one particular example, this sensor datamay be
used to detect obstacles in a vehicle’s path. A vehicle
system may warn a driver of the obstacle or autono-
mously navigate the vehicle around the obstacle.
[0003] In general, further enhancements to obstacle
avoidance systems may improve the safety of vehicular
travel, specifically in thecontext of obstacleavoidance for
virtually connected vehicles.

SUMMARY

[0004] In one embodiment, example systems and
methods relate to a manner of improving obstacle avoid-
ance for virtually connected vehicle convoys.
[0005] In one embodiment, a convoy management
system for directing virtually connected vehicles to avoid
an obstacle is disclosed. The convoy management sys-
tem includes one or more processors and a memory
communicably coupled to the one or more processors.
The memory stores instructions that, when executed by
the one or more processors, cause the one or more
processors to detect an obstacle in a path of a convoy
and determine that a vehicle in the convoy is to execute
obstacle avoidance based on a property of the vehicle
and a physical property of the obstacle. Thememory also
stores instructions that, when executed by the one or
more processors, cause the processor to disengage a
following mode of the convoy responsive to a determina-
tion that the vehicle is to execute obstacle avoidance.
[0006] In one embodiment, a non-transitory computer-

readable medium for directing virtually connected vehi-
cles to avoid an obstacle and including instructions that,
when executed by one or more processors, cause the
one ormore processors to performone ormore functions
is disclosed. The instructions include instructions to de-
tect anobstacle in apathof a convoyanddetermine that a
vehicle in the convoy is to execute obstacle avoidance
basedonaproperty of thevehicle andaphysical property
of the obstacle. The instructions also include instructions
to disengage a following mode of the convoy responsive
to a determination that the vehicle is to execute obstacle
avoidance.
[0007] In one embodiment, a method for directing vir-
tually connected vehicles to avoid an obstacle is dis-
closed. In one embodiment, the method includes detect-
ing an obstacle in a path of a convoy anddetermining that
a vehicle in the convoy is to execute obstacle avoidance
basedonaproperty of thevehicle andaphysical property
of the obstacle. The method also includes disengaging a
following mode of the convoy responsive to a determina-
tion that the vehicle is to execute obstacle avoidance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incor-
porated in and constitute a part of the specification,
illustrate various systems, methods, and other embodi-
ments of the disclosure. It will be appreciated that the
illustrated element boundaries (e.g., boxes, groups of
boxes, or other shapes) in the figures represent one
embodiment of the boundaries. In some embodiments,
one element may be designed as multiple elements or
multiple elements may be designed as one element. In
some embodiments, an element shown as an internal
component of another element may be implemented as
an external component and vice versa. Furthermore,
elements may not be drawn to scale.

FIG. 1 illustrates one embodiment of a vehicle within
which systems and methods disclosed herein may
be implemented.
FIG. 2 illustrates one embodiment of a convoy man-
agement system that is associated with directing
virtually connected vehicles to avoid an obstacle.
FIG. 3 illustrates a vehicle convoy and a convoy
management system that is associated with direct-
ing the convoy to avoid an obstacle.
FIG. 4 illustrates a disengagement of a following
mode of a vehicle convoy to avoid an obstacle.
FIG. 5 illustrates a re-engagement of a following
mode of a vehicle convoy following avoidance of
an obstacle.
FIG. 6 illustrates a flowchart for one embodiment of a
method that is associated with directing virtually
connected vehicles to avoid an obstacle.
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DETAILED DESCRIPTION

[0009] Systems, methods, and other embodiments
associated with improving obstacle avoidance in a vir-
tually connected convoy of vehicles are disclosed herein.
In a virtual convoy, a hitchless towing, a virtual towing, a
platooning, or a virtual connection configuration, a lead
vehicle is manually or autonomously controlled, while a
following vehicle is at least partially controlled by the lead
vehicle. For example, a lead vehicle at the front of the
convoy controls the speed and/or maneuvers of other
vehicles in the convoy, and a following vehicle trails the
lead vehicle as if physically coupled to the lead vehicle.
As such, the following vehicle and the lead vehicle exhibit
coordinated movements.
[0010] Vehicles, whether they be autonomous, semi-
autonomous, or manual, encounter obstacles in a travel
path. Drivers of manually controlled vehicles control the
vehicle to avoid obstacles, while semi-autonomous and
autonomous vehicles rely on somedegree of automation
to avoid the obstacles. Many vehicles are equipped with
obstacle avoidance systems that either warn a driver of
an obstacle in a travel path or take control of the vehicle to
avoid the obstacle. However, obstacle avoidance be-
comes complicatedwhen the following vehicle is virtually
connected (i.e., connected without a physical connec-
tion) to a lead vehicle.
[0011] For example, it may be that different vehicles in
a convoy have different ground clearances. A lead ve-
hicle in the convoy may maintain a particular trajectory
towards, and not avoid, an object with a height less than
the lead vehicle’s ground clearance. However, the ob-
stacle may be taller than the body of a following vehicle.
Because the lead vehicle does not alter its path to avoid
the obstacle, the following vehicle which trails the lead
vehicle, may collide with the obstacle in the road. This
may damage the vehicle and potentially endanger the
passengers in the following vehicle. As another example,
the lead vehicle may follow an obstacle avoidance path
that the following vehicle cannot easily traverse. For
example, a lead vehicle may have a tighter high-speed
turning radius than a following vehicle. For an encoun-
tered obstacle on a curve, the lead vehicle may navigate
a tighter turn to passby the inside of the obstacle. A larger
following vehicle may be unable to navigate the tighter
turn traveled by the lead vehicle.
[0012] In summary, the lead vehicle and the following
vehicle in a convoy may have different dimensions/abil-
ities, which result in situations where both vehicles 1) do
not need to avoid the same obstacles or 2) do not need to
avoid the obstacles in the samemanner. Accordingly, the
present specification describes a system that accounts
for the individual abilities/dimensions of each vehicle in a
convoy when selecting an obstacle avoidance strategy.
[0013] Specifically, the convoymanagement systemof
the present invention disclosure identifies obstacles in
the path of the convoy by receiving sensor data collected
from sensors (e.g., cameras, radar, LiDAR, etc.) of a lead

vehicle. Obstacles may include potholes, other vehicles,
pedestrians, rocks, boulders, etc. The convoy manage-
ment system determines whether the lead and/or follow-
ing vehicle should avoid the obstacles based on the
dimensions (e.g., width, height, length, ground clear-
ance, wheelbase, etc.) and abilities (e.g., braking abil-
ities, acceleration abilities, turning radius, etc.) of each
vehicle individually. If, based on the characteristics of the
upcoming obstacle (e.g., size, location, depth, etc. of the
object) and the dimensions/abilities of the vehicles, one
of the vehicles should maneuver to avoid the obstacle,
the convoy management system disengages a following
modeof the convoy such that just the vehicle(s) that need
to avoid the obstacle perform obstacle avoidance man-
euvers. For example, suppose the upcoming obstacle is
a rock that is shorter than thegroundclearanceof the lead
vehicle but taller than the ground clearance of the follow-
ing vehicle. In this case, the convoymanagement system
allows the lead vehicle to continue on its path over the
rockbut alsoallows the followingvehicle toalter itspath to
avoid the rock.
[0014] Obstacle avoidance may include rerouting the
following vehicle along a different path from the lead
vehicle. That is, if multiple vehicles are to avoid the
obstacle (e.g., apotholeorastoppedvehicle), theconvoy
management systemmay disengage the followingmode
of the convoy so that the different vehicles take indepen-
dent paths to avoid the obstacle. In either case, the
convoy management system disengages the following
mode of the convoy such that each vehicle in the convoy
may independently navigateanobstacle in thepathof the
convoy.
[0015] After the convoy has passed the obstacle, the
convoy management system realigns the following ve-
hicle with the lead vehicle and re-establishes the follow-
ing mode. In this way, the disclosed systems, methods,
and other embodiments improve obstacle avoidance for
virtually connected convoys by disengaging a following
mode of the convoy such that each vehicle may indivi-
dually avoid an obstacle based on the particular proper-
ties of the vehicle.
[0016] Referring to FIG. 1, an example of a vehicle 100
is illustrated. As used herein, a "vehicle" is any form of
transport thatmaybemotorizedor otherwise powered. In
one or more implementations, the vehicle 100 is an
automobile.While arrangementswill be described herein
with respect to automobiles, it will be understood that
embodiments are not limited to automobiles. In some
implementations, the vehicle 100maybea robotic device
or a form of transport that, for example, includes sensors
to perceive aspects of the surrounding environment, and
thus benefits from the functionality discussed herein
associated with managing a virtually connected convoy
of vehicles to avoid an obstacle.
[0017] Thevehicle100also includesvariouselements.
It will be understood that in various embodiments it may
not be necessary for the vehicle 100 to have all of the
elements shown in FIG. 1. The vehicle 100 can have
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different combinations of the various elements shown in
FIG. 1. Further, the vehicle 100 can have additional
elements to those shown in FIG. 1. In some arrange-
ments, the vehicle 100 may be implemented without one
or more of the elements shown in FIG. 1. While the
various elements are shown as being located within
the vehicle 100 in FIG. 1, it will be understood that one
or more of these elements can be located external to the
vehicle 100. Further, the elements shown may be phy-
sically separated by large distances. For example, as
discussed, one or more components of the disclosed
system can be implementedwithin a vehicle while further
components of the system are implemented within a
cloud-computing environment or other system that is
remote from the vehicle 100.
[0018] Some of the possible elements of the vehicle
100 are shown in FIG. 1 and will be described along with
subsequent figures. However, a description of many of
the elements in FIG. 1 will be provided after the discus-
sion of FIGS. 2‑6 for purposes of brevity of this descrip-
tion. Additionally, it will be appreciated that for simplicity
and clarity of illustration, where appropriate, reference
numerals have been repeated among the different fig-
ures to indicate corresponding or analogous elements. In
addition, the discussion outlines numerous specific de-
tails to provide a thorough understanding of the embodi-
ments describedherein. Thoseof skill in theart, however,
will understand that the embodiments described herein
may be practiced using various combinations of these
elements. In any case, the vehicle 100 includes a convoy
management system 170 that is implemented to perform
methods and other functions as disclosed herein relating
to improving the control of virtually connected convoys of
vehicles to avoid obstacles in the path of the convoy.
[0019] Aswill bediscussed ingreaterdetail, theconvoy
management system 170, in various embodiments, is
implemented partially within the vehicle 100, and as a
cloud-based service. For example, in one approach,
functionality associated with at least one module of the
convoy management system 170 is implemented within
the vehicle 100 while further functionality is implemented
within a cloud-based computing system. Thus, the con-
voy management system 170 may include a local in-
stance at the vehicle 100 and a remote instance that
functions within the cloud-based environment.
[0020] Moreover, the convoy management system
170, as provided for within the vehicle 100, functions in
cooperation with a communication system 180. In one
embodiment, the communication system 180 communi-
cates according to one or more communication stan-
dards. For example, the communication system 180
can include multiple different antennas/transceivers an-
d/or other hardware elements for communicating at dif-
ferent frequencies andaccording to respective protocols.
The communication system 180, in one arrangement,
communicates via a communication protocol, such as a
WiFi, DSRC, V2I, V2V, or another suitable protocol for
communicating between the vehicle 100 and other enti-

ties in the cloud environment. Moreover, the communica-
tion system 180, in one arrangement, further communi-
cates according to a protocol, such as global system for
mobile communication (GSM), EnhancedData Rates for
GSMEvolution (EDGE), Long-TermEvolution (LTE), 5G,
or another communication technology that provides for
the vehicle 100 communicating with various remote de-
vices (e.g., a cloud-based server). In any case, the con-
voymanagement system 170 can leverage various wire-
less communication technologies to provide communi-
cations to other entities, such as members of the cloud-
computing environment.
[0021] With reference toFIG.2, oneembodiment of the
convoy management system 170 of FIG. 1 is further
illustrated. The convoy management system 170 is
shown as including a processor 110 from the vehicle
100 of FIG. 1. Accordingly, the processor 110 may be a
part of the convoy management system 170, the convoy
management system 170 may include a separate pro-
cessor from the processor 110 of the vehicle 100, or the
convoy management system 170 may access the pro-
cessor 110 through a data bus or another communication
path that is separate from the vehicle 100. In one embo-
diment, the convoy management system 170 includes a
memory 210 that stores an obstacle avoidance module
220 and a connection module 230. The memory 210 is a
random-access memory (RAM), read-only memory
(ROM), a hard-disk drive, a flash memory, or another
suitable memory for storing the modules 220 and 230.
The modules 220 and 230 are, for example, computer-
readable instructions that when executed by the proces-
sor 110 cause the processor 110 to perform the various
functions disclosed herein. In alternative arrangements,
themodules220and230are independent elements from
the memory 210 that are, for example, comprised of
hardware elements. Thus, the modules 220 and 230
are alternatively ASICs, hardware-based controllers, a
composition of logic gates, or another hardware-based
solution.
[0022] Moreover, in oneembodiment, theconvoyman-
agement system 170 includes the data store 240. The
data store 240 is, in one embodiment, an electronic data
structure stored in the memory 210 or another data
storage device and that is configured with routines that
can be executed by the processor 110 for analyzing
stored data, providing stored data, organizing stored
data, and so on. Thus, in one embodiment, the data store
240 stores data used by the modules 220 and 230 in
executing various functions.
[0023] In one embodiment, the data store 240 stores
the sensor data 250 along with, for example, metadata
that characterizes various aspects of the sensor data
250. For example, the metadata can include location
coordinates (e.g., longitude and latitude), relative map
coordinates or tile identifiers, time/date stamps from
when the separate sensor data 250 was generated,
and so on.
[0024] In one embodiment, the sensor data 250 in-
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cludes data collected by the vehicle sensor system(s)
120. The sensor data 250 may include observations of a
surrounding environment of the vehicle 100 and/or in-
formation about the vehicle 100 itself. That is, in various
configurations, the sensor system 120 includes one or
more environment sensors 122 and/or one or more ve-
hicle sensors 121. Various examples of different types of
sensors will be described herein. However, it will be
understood that the embodiments are not limited to the
particular sensors described.
[0025] The environment sensors 122 sense a sur-
rounding environment (e.g., external) of the vehicle
100 and/or, in at least one arrangement, an environment
of a passenger cabin of the vehicle 100. For example, the
one or more environment sensors 122 sense objects in
the surrounding environment of the vehicle 100. Such
obstacles may be stationary objects and/or dynamic
objects. Various examples of environment sensors 122
will be described herein, however, it will be understood
that the embodiments are not limited to the particular
sensors described. As an example, in one or more ar-
rangements, theenvironment sensors122 includeoneor
more radar sensors 123, one or more LIDAR sensors
124, one or more sonar sensors 125 (e.g., ultrasonic
sensors), and/or one or more cameras 126 (e.g., mono-
cular, stereoscopic, RGB, infrared, etc.).
[0026] The environment sensor 122 output is used by
theobstacle avoidancemodule220 todetect obstacles in
the path of the convoy that are to be avoided by at least
one vehicle in the convoy. As such, the sensor data 250
includes at least camera images of the surrounding en-
vironment, including the objects within the environment.
In further arrangements, the sensor data 250 includes
output froma radar sensor 123, a LiDARsensor 124, and
other sensors asmay be suitable for identifying objects in
the travel path of the convoy.
[0027] As another example, the sensor data 250 in-
cludes images or other sensor output identifying vehicles
in the vicinity of the vehicle 100. For example, after the
convoy has navigated past an identified obstacle, it may
bedesirable to re-establish the followingmodeso that the
following vehicle may again follow the path of the lead
vehicle. In this example, the sensor data 250 of the lead
vehicle and the following vehicle may be used to identify
the position of one another such that the following vehicle
may align itself behind the lead vehicle. For example, the
sensordata250of the leadvehiclemay include imagesof
the following vehicle such that the operation of the lead
vehicle and/or following vehicle may be altered to align
the vehicles in a desired fashion. Additional details re-
garding the re-engagement of the following mode of the
convoy are provided below in connection with FIG. 5.
[0028] Thesensor data 250also includesdata from the
vehicle sensor(s) 121, which function to sense informa-
tion about the vehicle 100 itself. In some examples, the
obstacle avoidance module 220 relies on vehicle sensor
121 information to determine whether vehicles in the
convoy can safely traverse an obstacle without path

alteration or whether vehicles in the convoy should exe-
cute obstacle avoidance. As a particular example, a
vehicle may be loaded with heavy cargo such that the
ground clearance is reduced. In another example, a
vehicle may be connected to a trailer, which reduces
the vehicle’s ability to quickly change lanes to avoid an
obstacle. Vehicle sensors 121 of the sensor system 120
may detect these different characteristics of the vehicles
such that an obstacle avoidance recommendation is
particularly tailored to the vehicles in the convoy.
[0029] In these and other examples, the sensor data
250 includes vehicle sensor 121 data by which the di-
mensions/capabilities of the vehicle may be determined.
In one or more arrangements, the vehicle sensor(s) 121
include one or more accelerometers, one or more gyro-
scopes, one or more weight sensors, one or more com-
ponent sensors, an inertial measurement unit (IMU), a
dead-reckoning system, a global navigation satellite sys-
tem (GNSS), a global positioning system (GPS), and/or
other sensors for monitoring aspects about the vehicle
100.
[0030] In an example, the sensor data 250 includes
vehicle sensor 121 data for multiple vehicles. That is, as
described above, the convoy management system 170
determines whether any vehicle in the convoy should
engage in obstacle avoidance. In this example, the con-
voy vehicles may share such information via the respec-
tivecommunicationsystems180of thevehicles.Assuch,
the sensor data 250 includes sensor output from which
vehicle dimensions/capabilities may be determined.
[0031] As yet another example, the vehicle sensor 121
data and the environment sensor 122 data may be used
to determine the pose of the vehicles in the convoy. For
example, it may be that different vehicles are aligned
differently in the lanes of a roadway. The different posi-
tions of the vehicle may dictate different obstacle avoid-
ance maneuvers. An example of vehicle pose dictating
different obstacle avoidance maneuvers is depicted be-
low in FIG. 4.
[0032] In one embodiment, the data store 240 further
includes property data 255, which indicates the proper-
ties, dimensions, capabilities, etc., of the vehicles in the
convoy. As described above, the property data 255 may
provide context for which the obstacle avoidancemodule
220 determines whether to avoid a particular obstacle.
The property data 255 may include any number of iden-
tifying characteristics of the vehicles in the convoy, in-
cluding information indicating the capability and/or state
of the vehicle systems 140. For example, the properties
of vehicles may include a dimension of the vehicle (e.g.,
ground clearance, length, width, height, wheelbase,
etc.), an operational capability of the vehicle (e.g., brak-
ing capabilities, acceleration capabilities, steering cap-
abilities, turning radius, etc.), or other information relating
to thedimensionsand/or capabilities of the vehicle.While
particular reference is made to particular types of prop-
erty data 255, other types of property data 255 may be
stored in the data store 240.
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[0033] In an example, the property data 255 includes
property data 255 for multiple vehicles. That is, as de-
scribed above, the convoy management system 170
determines whether any vehicle in the convoy should
engage in obstacle avoidance. In this example, the con-
voy vehicles may share such information via the respec-
tive communication systems 180 of the vehicles. In an
example, the property data 255 from other vehicles is
transmitted to the lead vehicle during the initialization of a
convoy relationship. That is, during the initialization of a
convoy, a communication path is established between
the lead vehicle and the following vehicle wherein certain
information, such as vehicle identifiers, etc., is trans-
mitted between the different vehicles in the convoy such
that the vehicles may communicate and/or control one
another. During this initialization, the connection module
230 may collect data indicating the properties of the
vehicles in the convoy, which properties are used to
determine whether any vehicle should engage in obsta-
cle avoidance given the physical properties of the ob-
stacle.
[0034] The convoy management system 170 includes
an obstacle avoidance module 220, which, in one embo-
diment, includes instructions that cause the processor
110 to detect an obstacle in a path of a convoy and
determine that a vehicle in the convoy is to execute
obstacle avoidance based on a property of the vehicle
and a physical property of the obstacle. That is, the
obstacle avoidance module 220 determines whether
certain vehicles in the convoy can safely traverse a
detected obstacle or whether obstacle avoidance should
be executed.
[0035] As the obstacle avoidance module 220 identi-
fies and classifies objects in the travel path of the convoy,
the obstacle avoidance module 220 generally includes
instructions that function to control the processor 110 to
receive data inputs from one or more sensors of the
vehicle 100. The inputs are, in one embodiment, obser-
vations of one or more objects in an environment prox-
imate to the vehicle 100 and/or other aspects about the
surroundings. As provided for herein, the obstacle avoid-
ance module 220, in one embodiment, acquires sensor
data 250 that includes at least camera images of objects
in theenvironment proximate to the vehicle 100. In further
arrangements, the obstacle avoidance module 220 ac-
quires the sensor data 250 from further sensors suchasa
radar sensor123, aLiDARsensor124,andother sensors
as may be suitable for identifying vehicles and locations
of the vehicles.
[0036] Accordingly, the obstacle avoidance module
220, in one embodiment, controls the respective sensors
to provide the data inputs in the form of the sensor data
250. Additionally, while the obstacle avoidance module
220 is discussed as controlling the various sensors to
provide the sensor data 250, in one or more embodi-
ments, the obstacle avoidance module 220 can employ
other techniques to acquire the sensor data 250 that are
either active or passive. For example, the obstacle avoid-

ancemodule 220maypassively sniff the sensor data 250
from a stream of electronic information provided by the
various sensors to further components within the vehicle
100. Moreover, the obstacle avoidance module 220 can
undertake various approaches to fuse data frommultiple
sensors when providing the sensor data 250 and/or from
sensor data acquired over awireless communication link
(e.g., v2v) from one or more of the surrounding vehicles.
Thus, the sensor data 250, in one embodiment, repre-
sents a combination of perceptions acquired from multi-
ple sensors.
[0037] The sensor data 250 may include, for example,
information about obstacles in the vicinity of the convoy
and so on. Moreover, the obstacle avoidance module
220, in one embodiment, controls the sensors to acquire
thesensordata250aboutanarea thatencompasses360
degrees about the vehicle 100 in order to provide a
comprehensive assessment of the surrounding environ-
ment. Of course, in alternative embodiments, the obsta-
cle avoidance module 220 may acquire the sensor data
about a forward direction alone when, for example, the
vehicle 100 is not equipped with further sensors to in-
clude additional regions about the vehicle and/or the
additional regions are not scanned due to other reasons
(e.g., unnecessary due to known current conditions).
[0038] In addition to detecting obstacles in the travel
path of the convoy, the obstacle avoidance module 220
identifies the physical properties of the obstacles such
that a determinationmay bemade as towhether vehicles
in the convoy should activate obstacle avoidance sys-
tems. As such, the obstacle avoidance module 220 may
include an image processor or other sensor output pro-
cessor that can extract the physical properties of a de-
tected object from a camera image or other sensor out-
put. Examples of physical properties of an obstacle in-
clude a dimension of the obstacle, a position of the
obstacle, or a movement of the obstacle.
[0039] The obstacle avoidance module 220 also ac-
quires the dimension/capability properties of the vehicles
in the convoy to determine whether any vehicle should
execute obstacle avoidance measures. Examples of
properties of the vehicles in the convoy include a dimen-
sion of the vehicle, an operational capability of the ve-
hicle, or a position of the vehicle. As described above, the
vehicle property information may be determined from 1)
the property data 255 collected from the vehicles in the
convoy via the communication system 180 and/or 2) the
sensor data 250 collected by vehicles in the convoy. As
such, the obstacle avoidance module 220 generally in-
cludes instructions that function to control the processor
110 to retrieve property data 255 from the data store 240
in addition to the retrieval of the sensor data 250 pre-
viously described.
[0040] The dimensions/capabilities of the vehicles in
the convoy may be further determined based on sensor
data 250 collected by the vehicles. For example, property
data 255 for a particular vehicle may indicate that the
following vehicle has a particular turning radius. How-
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ever, sensor data 250 may indicate the following vehicle
is attached to a trailer, the configuration of which alters
the turning radius, braking capabilities, and other opera-
tional capabilities of the following vehicle. In other words,
sensor data 250 may be relied on to alter a default
dimension/capability of the vehicle as indicated in the
property data 255 for the vehicle. As such, both the
property data 255 and the sensor data 250 may be used
todetermine theoperational capabilities of the vehicles in
the convoy.
[0041] Based on the sensor data 250 and the property
data 255, the obstacle avoidance module 220 deter-
mines, for each vehicle in the convoy,whether the vehicle
can safely traverse the obstacle or whether obstacle
avoidance measures should be engaged to bypass the
obstacle. Specifically, the obstacle avoidance module
220compares thedimension, position, and/ormovement
of the obstacle with the dimension, position, and/or op-
erational capability of each vehicle in the convoy. As an
example, the obstacle avoidance module 220 may iden-
tify a rock in the travel path of the vehicle that has a height
of 12 inches. In this example, property data 255 for a lead
vehicle may indicate that the lead vehicle has a ground
clearance of 18 inches and can thus safely traverse over
the rock. By comparison, property data 255may indicate
that the following vehicle has a ground clearance of 10
inches and should thus alter a travel path to avoid the
obstacle.
[0042] As another example, the obstacle avoidance
module 220 may identify a stopped vehicle 50 feet in
front of the convoy. Based on property data 255, and
potentially sensor data250, theobstacle avoidancemod-
ule 220may determine that a lead vehicle can safely stop
in this distance while a following vehicle, which is larger
and towing a trailer, cannot and should thus activate
obstacle avoidance.
[0043] In yet another example, the obstacle avoidance
module 220may identify an obstacle on a curve of a road
the convoy is traveling. In any case, the obstacle avoid-
ance module 220 identifies whether any vehicle in the
convoy should activate a vehicle-specific obstacle avoid-
ance system to avoid an obstacle in the path of the
convoy. This determination is passed to the connection
module 230, which disengages a following mode of the
convoy such that each vehicle may independently navi-
gate past the obstacle based on its distinct dimensions
and/or capabilities.
[0044] In an example, the obstacle avoidance module
220 may also generate and transmit an obstacle avoid-
ancemessage.Suchamessagemay take various forms,
including 1) an identification of the obstacle and its phy-
sical properties, 2) a guidance suggestion for avoiding
the obstacle, and 3) an autonomous command to avoid
the obstacle. That is, in addition to identifying whether
obstacle avoidance should be executed, the obstacle
avoidancemodule 220may initialize obstacle avoidance
in any number of ways. Note that the generatedmessage
may be transmitted, via the respective communication

systems 180 of the vehicles, to the vehicle that is to
engage in obstacle avoidance following disengagement
of the following mode of the convoy. That is, even when
the following mode of the convoy is disengaged, the
vehicles in the convoy may still communicate with one
another.
[0045] In an example, the obstacle avoidance module
220maycause theprocessor 110 to transmit thephysical
property of the obstacle to the following vehicle such that
the following vehicle may execute obstacle avoidance
based on the property of the following vehicle. That is, in
this example, the following vehicle includes an obstacle
avoidance system and includes a data store indicating
the dimensions/capabilities of the following vehicle. In
this example, the following vehicle receives the physical
properties of the obstacle. Following disengagement of
the following mode of the convoy, the following vehicle
executes its own obstacle avoidance measures (e.g.,
deceleration, lateral movement, etc.) to avoid the obsta-
cle based on the following vehicle’s properties (i.e., di-
mensions, capabilities, position, etc.). As a particular
example, the obstacle avoidancemodule 220 of the lead
vehicle may transmit a message to the following vehicle
that a stopped vehicle is 50 feet in front of the convoy.
Following disengagement and given property data 255
indicating the following vehicle cannot stopwithin 50 feet,
the following vehicle may provide driver navigation, or
autonomously guide the vehicle, to pull to a side of the
roadway.
[0046] In another example, the obstacle avoidance
module 220may transmit an obstacle avoidance guidan-
ce/recommendation to the relevant vehicle. For example,
rather than simply noting the detected obstacle, the
convoy management system 170 may transmit the gui-
dance, which may be based on the properties of the
vehicle and the physical properties of the obstacle, to
the following vehicle, which may then be presented to a
driver via, for example, audio output, visual output, or
otherwise.
[0047] As yet another example, the obstacle avoid-
ance module 220 may cause the processor 110 to trans-
mit obstacle avoidance commands to the following ve-
hicle based on a property of the following vehicle. That is,
the obstacle avoidance module 220 may generate ob-
stacle avoidance commands for the following vehicle
based on the property of the following vehicle and the
physical property of the obstacle. In this example, the
convoymanagement system170, via thecommunication
system 180, may transmit the autonomous obstacle
avoidance command to the following vehicle such that
the automated driving system of the following vehicle
may control the vehicle systems 140 in accordance with
the autonomous obstacle avoidance command to navi-
gate past the obstacle safely.
[0048] Note that in either example of providing obsta-
cle avoidance assistance (e.g., a warning message or
autonomous command) to the following vehicle, the ob-
stacle avoidance commands transmitted to the following
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vehicle may differ from those executed by the lead ve-
hicle in the convoy. This is due to the different dimension-
s/properties of the vehicles. For example, a lead vehicle
may have a tighter turn radius and may thus be able to
turn towards an inside portion of a curved road with an
obstacle. In contrast, the autonomous obstacle avoid-
ance command for a following vehicle that cannot turn as
tightly may direct the following vehicle to increase a turn
radius towards an outside portion of the curved road. As
another example, a lead vehiclemay heavily apply brake
pressure due to a detected stopped vehicle in front of the
convoy. By comparison, a following vehicle that does not
have as great a braking capability may be instructed/-
guided to pull over to the shoulder of the road to avoid
collision with the vehicle in front.
[0049] Note that in anyof theseexamples, the obstacle
avoidance message may be targeted to a vehicle of the
convoy that is to execute obstacle avoidance. That is, it
may be that certain vehicles do not need to activate their
respective obstacle avoidance systems based on the
physical properties of the obstacle and the properties
of the vehicle. In this example, the obstacle avoidance
message is not transmitted to these vehicles, and the
followingmodemay bemaintained for these vehicles. As
such, the obstacle avoidance module 220 prescribes
individualized obstacle avoidance strategies for each
vehicle in a convoy rather than implementing a single
obstacle avoidance strategy that is perhaps inefficient,
dangerous, or impossible for some of the vehicles in the
convoy. That is, the present convoymanagement system
170 provides a customized and robust obstacle avoid-
ance system for a vehicle convoy.
[0050] In one approach, the obstacle avoidance mod-
ule 220 implements and/or otherwise uses a machine
learning algorithm. In one configuration, the machine
learning algorithm is embedded within the obstacle
avoidance module 220, such as a convolutional neural
network (CNN), to perform obstacle detection, obstacle
avoidance recommendation, and obstacle avoidance
execution based on the sensor data 250 and property
data 255 from which further information is derived. Of
course, in further aspects, the obstacle avoidance mod-
ule 220 may employ different machine learning algo-
rithms or implement different suitable approaches for
generating an obstacle avoidance recommendation
and execution. Whichever particular approach the ob-
stacle avoidance module 220 implements, the obstacle
avoidance module 220 provides an output with property-
based avoidance recommendations. In this way, the ob-
stacle avoidance module provides improved and indivi-
dualizedobstacleavoidance for each vehicle in a virtually
connected convoy.
[0051] The convoy management system 170 includes
a connection module 230 which, in one embodiment,
includes instructions that cause the processor 110 to
disengage a following mode of the convoy responsive
to a determination that the vehicle is to execute obstacle
avoidance. That is, complications may arise when ob-

stacle avoidance is universally executed amongst every
vehicle in a convoy without consideration of the vehicle-
specific dimensions or capabilities. For example, a lead
vehicle may detect an obstacle that the lead vehicle can
safely traverse without altering course due to the lead
vehicle ground clearancebeing greater than the height of
the obstacle. A following vehicle, however, may have a
lower ground clearance that is not greater than the height
of the obstacle. As the following vehicle follows the path
of the lead vehicle and the lead vehicle has not deviated
its course, the following vehicle may strike the obstacle.
This example is depicted in FIG. 3 below. In another
example, the lead vehicle may take an obstacle avoid-
ance path that is not easily traversed by the following
vehicle. For example, a lead vehicle may quickly swerve
to avoid an obstacle. A following vehicle, which is towing
a trailer, may not be able to safely swerve as the lead
vehicle did due to the dynamics of trailering. For these
and other reasons, the connection module 230 disen-
gages the following mode so that each vehicle in the
convoy may independently avoid the obstacle based on
the vehicle-specific dimensions and capabilities.
[0052] As such, the connectionmodule 230 is commu-
nicatively coupled to the obstacle avoidancemodule 220
and receives an indication that at least one vehicle in the
convoy is to execute obstacle avoidance based on prop-
erties of the at least one vehicle and the physical proper-
ties of the obstacle to be avoided. Based on such an
indication, the connection module 230 disengages the
following mode of the convoy. That is, the connection
module 230 disengages the relationship between the
lead vehicle and the following vehiclewhere the following
vehicle follows the path of the lead vehicle.
[0053] This disengagement may take a variety of
forms. For example, it may be that a lead vehicle con-
troller transmits commands to the vehicle systems of the
following vehicle. In this example, disengagement of the
following mode of the convoy may include a handoff
operation where control of the vehicle systems of the
following vehicle is transferred from the lead vehicle to
the following vehicle. As used herein, control of the
vehicle systems of the following vehiclemay be via driver
input or an automated driving module. That is, a driver
may manually operate the vehicle systems 140, or an
automated driving module 160 may operate the vehicle
systems. A notification may accompany the disengage-
ment command so that a driver or autonomous driving
system is aware of the handoff
[0054] In another example, the following commands
may originate from the following vehicle, whichmay have
a controller that tracks the lead vehicle and directs the
following vehicle along a path of the lead vehicle. In this
example, disengagement of the following mode includes
handing off control of the vehicle systems 140 from the
following module to a driver or an automated driving
module of the following vehicle. Note that while particular
reference ismade to particular handoffprocedures, other
handoff operations may be executed wherein the ulti-
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mate result is that the following vehicle, and not the lead
vehicle, is responsible for control of the position and
movement of the vehicle.
[0055] Note that even when the following mode is
disengaged, the following vehicle and the lead vehicle
remain communicatively coupled. That is, information
may still be shared between the two vehicles via the
respective communication systems 180. However, the
following vehicle does not follow the lead vehicle as if
physically attached. Note that if an obstacle is detected,
but no obstacle avoidance is triggered for any vehicle
(e.g., for example, due to the obstacle being in a different
lane than any vehicle in the convoy or smaller than the
ground clearance of any vehicle in the convoy), the
following mode of the convoy is maintained, and the
following vehicle continues to follow the path of the lead
vehicle.
[0056] Following disengagement, each vehiclemaybe
independently responsible for its ownmovement. That is,
thepositionofadisengaged followingvehicle is not tied to
the position of the lead vehicle with which it previously
shared a following relationship. Following disengage-
ment, the following vehicles may operate to avoid a
detected obstacle, with differing amounts of reliance on
information transmitted from the lead vehicle. For exam-
ple, a lead vehiclemay transmit the physical properties of
the obstacle, in which case the following vehicle gener-
ates and executes obstacle avoidance procedures. In
another example, the lead vehicle may transmit naviga-
tion guidance or automated commands for obstacle
avoidance. In this example, the following vehicle may
display the navigation guidance or execute the auto-
mated commands for obstacle avoidance. In any exam-
ple (i.e., the leadvehicle transmits thephysical properties
of the obstacle or guidance/automated driving com-
mands), the obstacle avoidance executed by the follow-
ing vehicle may be unique to the following vehicle and
based on the dimensions and capabilities of the following
vehicle.
[0057] In an example, the connection module 230 in-
cludes instructions that, when executed by the processor
110, cause the processor to, when the convoy has
passed the obstacle, re-engage the following mode of
the convoy. That is, the intent of the disengagement is to
temporarily bypass the following mode to allow the ve-
hicles to efficiently navigate an obstacle in the path of a
convoy. When the danger presented by the obstacle has
been resolved, it may be desirable to re-establish the
following mode so that the following vehicle follows the
lead vehicle again. Returning to the examples described
above, such re-engagement may include handing off
control of the vehicle systems140of the following vehicle
fromadriver or automateddrivingmoduleof the following
vehicle to 1) a followingmodule of a following vehicle, 2) a
controller of the lead vehicle, or 3) any other system
which effectuates virtual convoying.
[0058] As re-engagement may be triggered when the
convoy has passed the obstacle, the connection module

230 includes instructions that function to control the
processor 110 to receive data inputs from one or more
sensors of the vehicle 100and to receivedata inputs from
one or more sensors of other vehicles via the commu-
nication system 180. In one embodiment, the inputs are
observations of the obstacle for which the vehicles dis-
engaged a following mode to avoid. For example, the
environment sensor 122 of the lead vehicle and the
following vehicle may track the obstacle through various
collected images. When the obstacle is no longer identi-
fiedby theenvironment sensors 122of the lead vehicle or
the following vehicle, the connection module 230 may
initiate the re-engagement operation. As another exam-
ple, theconvoymanagement system170maycalculatea
predicted time when the convoy will have passed the
obstacle based on the relative position of the obstacle to
the convoy and the speed of the vehicles in the convoy. In
either case, after determining that the convoyhaspassed
the obstacle, the connectionmodule 230may re-engage
the following mode.
[0059] As re-engagement may be based on sensor
data 250, the connection module 230, in one embodi-
ment, acquires sensor data 250 that includes at least
camera images of the object. In further arrangements,
the connectionmodule 230 acquires the sensor data 250
from further sensors suchasa radar sensor 123, aLiDAR
sensor 124, and other sensors as may be suitable for
identifying the object.
[0060] Accordingly, the connectionmodule 230, in one
embodiment, controls the respective sensors to provide
the data inputs in the form of the sensor data 250.
Additionally, while the connection module 230 is dis-
cussed as controlling the various sensors to provide
the sensor data 250, in one or more embodiments, the
connection module 230 can employ other techniques to
acquire the sensor data 250 that are either active or
passive. For example, the connection module 230 may
passively sniff the sensor data 250 from a stream of
electronic information provided by the various sensors
to further components within the vehicle 100. Moreover,
the connection module 230 can undertake various ap-
proaches to fuse data from multiple sensors when pro-
viding the sensor data 250 and/or from sensor data
acquired over a wireless communication link (e.g., v2v)
from one or more of the surrounding vehicles. Thus, the
sensor data 250, in one embodiment, represents a com-
bination of perceptions acquired from multiple sensors.
[0061] The connection module 230, in one embodi-
ment, controls the sensors to acquire the sensor data
250 about an area that encompasses 360 degrees about
the vehicle 100 in order to provide a comprehensive
assessment of the surrounding environment. Of course,
in alternative embodiments, the connection module 230
may acquire the sensor data about a forward direction
alonewhen, for example, the vehicle 100 is not equipped
with further sensors to include additional regions about
the vehicle and/or the additional regions are not scanned
due to other reasons (e.g., unnecessary due to known
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current conditions).
[0062] Information may be shared between the lead
vehicle and the following vehicle to re-engage the follow-
ing mode. Such information may include identifying in-
formation about the lead vehicle and/or the following
vehicle. For example, the lead and following vehicle
may each transmit identifiers or sniff identifiers of the
other vehicle to ensure a correct pairing. Specifically, the
connection module 230 may transmit information to a
following vehicle of the convoy and receive information
from a following vehicle of the convoy.
[0063] Re-engagement may also include receiving
sensor data from the following vehicle. Via the sensor
data 250, vehicles can identify 1) the other vehicles of the
convoy to which they are to re-pair and 2) the relative
position of the other vehicles. That is, before the vehicles
can re-engage in a following relationship, certain pre-
conditions may be enforced. Examples include that the
vehicles are within a predetermined distance, have a
matched speed, and are within a threshold longitudinal
alignment of one another, among others. Sensor data
250 from both vehicles is used to determine the relative
position and movement of the vehicles. That is, using
cameras and sensors of both the lead vehicle and the
following vehicle, the convoy management system 170
creates amap of the surrounding environment. From this
output, the convoy management system 170, alone or in
combination with a system of the following vehicle, cal-
culates a path to return the following vehicle to a position
behind the lead vehicle.
[0064] During the re-engagement operation, one or
more characteristics of the operation of the lead vehicle
and/or the following vehiclemaybealtered. For example,
the connection module 230 in the lead vehicle and/or the
following vehicle may adjust the speed of respective
vehicles such that the speeds of the two vehicles match.
As another example, as a result of obstacle avoidance,
the convoy vehicles may be in different lanes. In this
example, the connection module 230 in the lead vehicle
and/or the following vehicle may change the position of
the respective vehicles such that the vehicles are long-
itudinally aligned. As such, the connection module 230
provides for the disengagement and re-engagement of a
following mode of a convoy of virtually connected vehi-
cles responsive to a detected obstacle avoidance event.
As such, the convoy vehicles may avoid obstacles in an
individualized fashion best suited for a particular vehicle
without being constrained by the directing movement of
another vehicle in the convoy.
[0065] In one approach, the connection module 230
implements and/or otherwise uses a machine learning
algorithm. In one configuration, the machine learning
algorithm is embedded within the connection module
230, such as a convolutional neural network (CNN), to
perform following mode disengagement and re-engage-
ment based on the sensor data 250 from which further
information is derived. Of course, in further aspects, the
connection module 230 may employ different machine

learning algorithms or another suitable approach that
generates an obstacle avoidance recommendation and
execution. Whichever particular approach the connec-
tionmodule 230 implements, the connectionmodule 230
provides for following mode disengagement and re-en-
gagement. In this way, the connectionmodule 230 selec-
tively disengages and re-engages a following mode of a
convoybasedonadetermination that somevehicle in the
convoy is to execute obstacle avoidance measures.
[0066] In one or more configurations, the convoyman-
agement system 170 implements one or more machine
learning algorithms. As described herein, a machine
learning algorithm includes but is not limited to deep
neural networks (DNN), including transformer networks,
convolutional neural networks, recurrent neural networks
(RNN), etc., Support Vector Machines (SVM), clustering
algorithms, Hidden Markov Models, and so on. It should
be appreciated that the separate forms ofmachine learn-
ing algorithms may have distinct applications, such as
agent modeling, machine perception, and so on.
[0067] Moreover, it should be appreciated that ma-
chine learningalgorithmsaregenerally trained toperform
a defined task. Thus, the training of themachine learning
algorithm is understood to be distinct from the general
use of the machine learning algorithm unless otherwise
stated. That is, the convoy management system 170 or
another system generally trains the machine learning
algorithm according to a particular training approach,
which may include supervised training, self-supervised
training, reinforcement learning, and so on. In contrast to
training/learning of the machine learning algorithm, the
convoy management system 170 implements the ma-
chine learning algorithm to perform inference. Thus, the
general use of the machine learning algorithm is de-
scribed as inference.
[0068] FIG. 3 illustrates a vehicle convoy and a convoy
management system170 that is associatedwithdirecting
the convoy to avoid an obstacle 348. Specifically, FIG. 3
depicts a scenario described above where a following
vehicle 344 is virtually connected, and in a following
mode, with a lead vehicle 342 via a virtual connection
346. The lead vehicle 342 and the following vehicle 344
may each be an example of the vehicle 100 described
above and may include components similar to those
described above.
[0069] Asdepicted inFIG.3, thedifferent vehicleshave
different dimensions and capabilities. In the example
depicted in FIG. 3, the lead vehicle 342 has a greater
ground clearance than the following vehicle 344. As
such, when the lead vehicle 342 detects an obstacle
348 that it can safely pass over, no specific obstacle
avoidance may be initiated. The following vehicle 344,
which travels the same path as the lead vehicle 342,
would also not navigate around the obstacle 348. How-
ever, given the shorter ground clearance of the following
vehicle 344, the obstacle 348 may strike the body of the
following vehicle 344, which may damage the following
vehicle 344 and/or endanger the passengers of the fol-
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lowing vehicle 344.
[0070] As such, the convoy management system 170
described herein detects the obstacle 348 via the envir-
onment sensors 122 of the lead vehicle 342 and deter-
mines whether itself (e.g., the lead vehicle 342) or any
other vehicle (e.g., the following vehicle 344) in the con-
voy should execute an obstacle avoidance measure to
navigate around the obstacle 348. As described above,
such a determination is based on the property data 255
and/or the sensor data 250 related to the vehicles in the
convoy and thephysical properties of the obstacle 348as
detected by the environment sensors 122 of the lead
vehicle. When it is determined that the following vehicle
344 ground clearance will not allow the following vehicle
344 to pass over the obstacle 348 without incident, the
convoy management system 170, and more specifically
the connectionmodule 230,may disengage the following
modeof theconvoysuch that the leadvehicle342and the
following vehicle 344 may be individually controlled to
avoid the obstacle 348 as described above. This may
include each vehicle determining whether to execute or
not execute obstacle avoidance measures or may in-
clude each vehicle executing different obstacle avoid-
ance measures.
[0071] FIG.4 illustratesadisengagement of a following
mode of a vehicle convoy to avoid an obstacle 348. As
described above, it may be the case that both vehicles
342 and 344 execute obstacle avoidance measures,
albeit different obstacle avoidancemeasures. For exam-
ple, it may be that the obstacle 348 is positioned on the
righthandsideof a lane that theconvoy is traveling in. The
lead vehicle 342 may be adjacent to a righthand lane
marker, while the following vehicle 344 may be adjacent
to a lefthand lane marker. The driver of the lead vehicle
342 or an automated driving module 160 of the lead
vehicle 342 may take a first navigation path 450 to avoid
the obstacle 348. Were the following mode maintained,
the following vehicle 344 would be directed to follow the
same navigation path. Given the position of the following
vehicle 344 further to the left, this may result in the
following vehicle 344 colliding with the obstacle 348
rather than avoiding it.
[0072] As such, the convoy management system 170
disengages the following mode of the convoy such that
the following vehicle 344may follow a second navigation
path 452, which is based on a property of the following
vehicle 344 (i.e., its position within a lane) to avoid the
obstacle 348 more effectively. Note that as described
above, the second navigation path 452may be identified
via the manual input of a driver of the following vehicle
344, guidance generated by the convoy management
system 170 and conveyed to the driver of the following
vehicle 344, or via autonomous control of the following
vehicle 344. As such, FIG. 4 illustrates that different
vehicles in a convoy may execute different navigation
strategies (in this casedifferent navigationpaths) toavoid
a single obstacle 348 encountered by the convoy.
[0073] FIG. 5 illustratesa re-engagement of a following

mode of a vehicle convoy following avoidance of an
obstacle 348. As described above, once an obstacle
348 has been safely navigated, it may be desirable to
re-establish the following relationship between the lead
vehicle 342 and the following vehicle 344. As such, when
the sensor systems 120 of the lead vehicle 342 and/or
following vehicle 344 have identified that the convoy has
passed the obstacle 348, the sensors and cameras of the
lead vehicle 342 and the following vehicle 344 may co-
operate to generate a map of the immediate surround-
ings of the convoy and align the vehicles with one an-
other. As described above, this may include transmitting
a variety of information to one another via the virtual
connection 346, which information may include sensor
data 250, identifying information for the vehicles, or any
other type of information that is used to re-engage the
following mode and align the vehicles with one another.
[0074] As described above, re-engagement of the fol-
lowingmodemay include altering the operation of one or
more of the lead vehicle 342 and the following vehicle
344. For example, as depicted in FIG. 4, the lead vehicle
342 and the following vehicle 344 may have taken dif-
ferent obstacle avoidance paths such that each is in a
different lane of the road. As such, in this example, the
lead vehicle 342maybedirected to takea first return path
554, and the followingvehicle344maybedirected to take
a second return path 556, to align the vehicles with one
another. Once these and other preconditions are met,
such as a clear line of sight between the following vehicle
344 and the lead vehicle 342, a matched speed profile,
and/or any number of other conditions, the connection
module 230may re-engage the followingmode such that
the following vehicle 344 again tracks the movement of
the lead vehicle 342.
[0075] Additional aspects of convoy obstacle avoid-
ance will be discussed in relation to FIG. 6. FIG. 6
illustrates a flowchart of a method 600 that is associated
withmanaginga convoy’savoidanceof anobstacle in the
travel path of the convoy. Method 600 will be discussed
from the perspective of the convoy management system
170 of FIGS. 1 and 2. While method 600 is discussed in
combinationwith the convoymanagement system170, it
should be appreciated that the method 600 is not limited
to being implemented within the convoy management
system 170 but is instead one example of a system that
may implement the method 600.
[0076] At 610, the obstacle avoidance module 220
detects an obstacle 348 in a path of a convoy of vehicles.
In general, such obstacles 348 trigger obstacle avoid-
ancemaneuvers in an approaching vehicle. As such, the
obstacle avoidance module 220 controls the sensor sys-
tem 120 to acquire the sensor data 250, which sensor
data 250 detects objects in the surrounding environment
of the vehicle and convoy. In one embodiment, the ob-
stacle avoidance module 220 controls the radar sensor
123 and the camera 126 of the vehicle 100 to observe the
surrounding environment. Alternatively, or additionally,
the obstacle avoidance module 220 controls the camera
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126 and the LiDAR sensor 124 or another set of sensors
to acquire the sensor data 250. As part of controlling the
sensors to acquire the sensor data 250, it is generally
understood that the sensors acquire the sensor data 250
of a region around the ego vehicle 100with data acquired
from different types of sensors generally overlapping in
order to provide for a comprehensive sampling of the
surrounding environment at each time step. In general,
the sensor data 250 need not be of the exact same
bounded region in the surrounding environment but
should include a sufficient area of overlap such that
distinct aspects of the area can be correlated. Thus,
the obstacle avoidancemodule 220, in one embodiment,
controls the sensors to acquire the sensor data 250of the
surrounding environment.
[0077] Moreover, in further embodiments, the obstacle
avoidance module 220 controls the sensors to acquire
the sensor data 250 at successive iterations or time
steps. Thus, the convoy management system 170, in
one embodiment, iteratively executes the functions dis-
cussed at blocks 610‑620 to acquire the sensor data 250
and provide information therefrom. Furthermore, the ob-
stacle avoidance module 220, in one embodiment, exe-
cutes one or more of the noted functions in parallel for
separate observations in order to maintain updated per-
ceptions. Additionally, as previously noted, the obstacle
avoidance module 220, when acquiring data from multi-
ple sensors, fuses the data together to form the sensor
data 250 and to provide for improved determinations of
detection, location, and so on.
[0078] At 620, the obstacle avoidance module 220
determines that a vehicle in the convoy is to execute
obstacleavoidancebasedonapropertyof avehicle (e.g.,
dimension or capability) and a physical property of the
obstacle 348. Specifically, the obstacle avoidance mod-
ule 220 compares the dimensions, position, and/or
movement of the obstacle 348 with the dimensions,
movement, and/or operational capability of the vehicles
in the convoy to determine whether any of the vehicles
should execute obstacle avoidance. That is, the obstacle
avoidance module 220 determines whether the size,
shape, position, and potential movement of any obstacle
348posesadanger to anyvehicle in the convoybasedon
the dimensions and movement of the vehicles in the
convoy.
[0079] If there is no impending danger, i.e., no vehicle
in the convoy is to execute obstacle avoidance based on
its individual dimensions or capabilities, the obstacle
avoidancemodule220continues tomonitor for obstacles
348 and determines whether or not other detected ob-
stacles 348 trigger obstacle avoidance for any vehicle in
the convoy.
[0080] If there is an impending danger, i.e., at least one
vehicle in the convoy is to execute obstacle avoidance, at
630, the connection module 230 disengages the follow-
ing mode of the convoy such that each vehicle in the
convoy may individually navigate to avoid the obstacle
348 based on the individual dimensions andproperties of

the vehicle.
[0081] As described above, once an obstacle 348 has
beenavoided, the connectionmodule 230operates to re-
engage the following mode of the convoy such that the
following vehicle again tracks the movement of the lead
vehicle. As such, the convoy management system 170
facilitates the individual and customized, rather than uni-
form, avoidance of obstacles that a vehicle convoy may
encounter. In so doing, the convoy management system
170 bypasses the complications that may arise when
vehicles of different dimensions and/or capabilities en-
counter an obstacle 348.
[0082] FIG. 1 will now be discussed in full detail as an
example environment withinwhich the systemandmeth-
ods disclosed herein may operate. In some instances,
the vehicle 100 is configured to switch selectively be-
tween an autonomous mode, one or more semi-auton-
omous modes, and/or a manual mode. "Manual mode"
means that all of or a majority of the control and/or
maneuvering of the vehicle is performed according to
inputs received via manual human-machine interfaces
(HMIs) (e.g., steering wheel, accelerator pedal, brake
pedal, etc.) of the vehicle 100 as manipulated by a user
(e.g., human driver). In one or more arrangements, the
vehicle 100 can be a manually-controlled vehicle that is
configured to operate in only the manual mode.
[0083] In one or more arrangements, the vehicle 100
implements some level of automation in order to operate
autonomously or semi-autonomously. As used herein,
automated control of the vehicle 100 is defined along a
spectrum according to the SAE J3016 standard. The
SAE J3016 standard defines six levels of automation
from level zero to five. In general, as described herein,
semi-autonomousmode refers to levelszero to two,while
autonomousmode refers to levels three to five. Thus, the
autonomous mode generally involves control and/or
maneuvering of the vehicle 100 along a travel route via
a computing system to control the vehicle 100 with mini-
mal or no input from a human driver. By contrast, the
semi-autonomous mode, which may also be referred to
as advanced driving assistance system (ADAS), pro-
vides a portion of the control and/or maneuvering of
the vehicle via a computing system along a travel route
with a vehicle operator (i.e., driver) providing at least a
portion of the control and/or maneuvering of the vehicle
100.
[0084] With continued reference to the various com-
ponents illustrated in FIG. 1, the vehicle 100 includes one
or more processors 110. In one or more arrangements,
the processor(s) 110 can be a primary/centralized pro-
cessor of the vehicle 100 or may be representative of
many distributed processing units. For instance, the pro-
cessor(s) 110 can be an electronic control unit (ECU).
Alternatively, or additionally, the processors include a
central processing unit (CPU), a graphics processing unit
(GPU), an ASIC, an microcontroller, a system on a chip
(SoC), and/or other electronic processing units that sup-
port operation of the vehicle 100.
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[0085] The vehicle 100 can include one or more data
stores 115 for storing one ormore types of data. The data
store 115 can be comprised of volatile and/or non-volatile
memory. Examples of memory that may form the data
store 115 include RAM (Random Access Memory), flash
memory, ROM (Read Only Memory), PROM (Program-
mable Read-Only Memory), EPROM (Erasable Pro-
grammable Read-Only Memory), EEPROM (Electrically
Erasable Programmable Read-Only Memory), registers,
magnetic disks, optical disks, hard drives, solid-state
drivers (SSDs), and/or other non-transitory electronic
storage medium. In one configuration, the data store
115 is a component of the processor(s) 110. In general,
the data store 115 is operatively connected to the pro-
cessor(s) 110 for use thereby. The term "operatively
connected," as used throughout this description, can
include direct or indirect connections, including connec-
tions without direct physical contact.
[0086] In one or more arrangements, the one or more
data stores 115 include various data elements to support
functions of the vehicle 100, such as semi-autonomous
and/or autonomous functions. Thus, the data store 115
maystoremapdata116and/or sensor data119.Themap
data 116 includes, in at least one approach, maps of one
or more geographic areas. In some instances, the map
data 116 can include information about roads (e.g., lane
and/or roadmaps), trafficcontrol devices, roadmarkings,
structures, features, and/or landmarks in the one ormore
geographic areas. The map data 116 may be character-
ized, in at least one approach, as a high-definition (HD)
map that provides information for autonomous and/or
semi-autonomous functions.
[0087] In one ormore arrangements, themap data 116
can include one or more terrain maps 117. The terrain
map(s) 117 can include information about the ground,
terrain, roads, surfaces, and/or other features of one or
more geographic areas. The terrain map(s) 117 can
include elevation data in the one or more geographic
areas. In one or more arrangements, the map data 116
includes oneormore static obstaclemaps118. The static
obstaclemap(s) 118can include informationaboutoneor
more static obstacles located within one or more geo-
graphic areas. A "static obstacle" is a physical object
whose position and general attributes do not substan-
tially change over a period of time. Examples of static
obstacles include trees, buildings, curbs, fences, and so
on.
[0088] The sensor data 119 is data provided from one
or more sensors of the sensor system 120. Thus, the
sensor data 119may include observations of a surround-
ing environment of the vehicle 100 and/or information
about the vehicle 100 itself. In some instances, one or
more data stores 115 located onboard the vehicle 100
store at least a portion of the map data 116 and/or the
sensor data 119. Alternatively, or in addition, at least a
portion of the map data 116 and/or the sensor data 119
can be located in one or more data stores 115 that are
located remotely from the vehicle 100.

[0089] As noted above, the vehicle 100 can include the
sensor system 120. The sensor system 120 can include
one or more sensors. As described herein, "sensor"
means an electronic and/or mechanical device that gen-
erates an output (e.g., an electric signal) responsive to a
physical phenomenon, such as electromagnetic radia-
tion (EMR), sound, etc. The sensor system 120 and/or
the one ormore sensors can be operatively connected to
the processor(s) 110, the data store(s) 115, and/or an-
other element of the vehicle 100.
[0090] Various examples of different types of sensors
will be described herein. However, it will be understood
that the embodiments are not limited to the particular
sensors described. In various configurations, the sensor
system 120 includes one or more vehicle sensors 121
and/or one or more environment sensors. The vehicle
sensor(s) 121 function to sense information about the
vehicle 100 itself. In one or more arrangements, the
vehicle sensor(s) 121 include one or more acceler-
ometers, one or more gyroscopes, an inertial measure-
ment unit (IMU), a dead-reckoning system, a global
navigation satellite system (GNSS), a global positioning
system (GPS), and/or other sensors for monitoring as-
pects about the vehicle 100.
[0091] As noted, the sensor system 120 can include
one or more environment sensors 122 that sense a
surrounding environment (e.g., external) of the vehicle
100 and/or, in at least one arrangement, an environment
of a passenger cabin of the vehicle 100. For example, the
one ormore environment sensors 122 sense obj ects the
surrounding environment of the vehicle 100. Such ob-
stacles may be stationary objects and/or dynamic ob-
jects. Various examples of sensors of the sensor system
120 will be described herein. The example sensors may
be part of the one or more environment sensors 122
and/or the one or more vehicle sensors 121. However,
it will be understood that the embodiments are not limited
to the particular sensors described. As an example, in
one or more arrangements, the sensor system 120 in-
cludes one or more radar sensors 123, one or more
LIDAR sensors 124, one or more sonar sensors 125
(e.g., ultrasonic sensors), and/or one or more cameras
126 (e.g., monocular, stereoscopic, RGB, infrared, etc.).
[0092] Continuingwith thediscussionof elements from
FIG. 1, the vehicle 100 can include an input system 130.
The input system 130 generally encompasses one or
more devices that enable the acquisition of information
by a machine from an outside source, such as an opera-
tor. The input system 130 can receive an input from a
vehicle passenger (e.g., a driver/operator and/or a pas-
senger). Additionally, in at least one configuration, the
vehicle 100 includes an output system 135. The output
system 135 includes, for example, one or more devices
that enable information/data to be provided to external
targets (e.g., a person, a vehicle passenger, another
vehicle, another electronic device, etc.).
[0093] Furthermore, the vehicle 100 includes, in var-
ious arrangements, one or more vehicle systems 140.
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Variousexamplesof theoneormorevehicle systems140
are shown in FIG. 1. However, the vehicle 100 can
include a different arrangement of vehicle systems. It
should be appreciated that although particular vehicle
systems are separately defined, each or any of the sys-
tems or portions thereof may be otherwise combined or
segregated via hardware and/or software within the ve-
hicle 100. As illustrated, the vehicle 100 includes a pro-
pulsion system 141, a braking system 142, a steering
system143, a throttle system144, a transmission system
145, a signaling system 146, and a navigation system
147.
[0094] The navigation system 147 can include one or
more devices, applications, and/or combinations thereof
to determine the geographic location of the vehicle 100
and/or to determine a travel route for the vehicle 100. The
navigation system 147 can include one or moremapping
applications to determine a travel route for the vehicle
100 according to, for example, the map data 116. The
navigation system 147 may include or at least provide
connection to a global positioning system, a local posi-
tioning system or a geolocation system.
[0095] In one or more configurations, the vehicle sys-
tems 140 function cooperatively with other components
of the vehicle 100.For example, theprocessor(s) 110, the
convoy management system 170, and/or automated
driving module(s) 160 can be operatively connected to
communicate with the various vehicle systems 140 an-
d/or individual components thereof. For example, the
processor(s) 110and/or theautomateddrivingmodule(s)
160 can be in communication to send and/or receive
information from the various vehicle systems 140 to
control the navigation and/or maneuvering of the vehicle
100. The processor(s) 110, the convoy management
system 170, and/or the automated driving module(s)
160maycontrol someorall of thesevehicle systems140.
[0096] For example, when operating in the autono-
mous mode, the processor(s) 110, the convoy manage-
ment system 170, and/or the automated driving mod-
ule(s) 160 control the heading and speed of the vehicle
100. The processor(s) 110, the convoy management
system 170, and/or the automated driving module(s)
160 cause the vehicle 100 to accelerate (e.g., by increas-
ing the supply of energy/fuel provided to a motor), de-
celerate (e.g., by applying brakes), and/or change direc-
tion (e.g., by steering the front two wheels). As used
herein, "cause" or "causing" means to make, force, com-
pel, direct, command, instruct, and/or enable an event or
action to occur either in a direct or indirect manner.
[0097] As shown, the vehicle 100 includes one ormore
actuators 150 in at least one configuration. The actuators
150 are, for example, elements operable to move and/or
control a mechanism, such as one or more of the vehicle
systems 140 or components thereof responsive to elec-
tronic signals or other inputs from the processor(s) 110
and/or the automated driving module(s) 160. The one or
more actuators 150 may include motors, pneumatic ac-
tuators, hydraulic pistons, relays, solenoids, piezoelec-

tric actuators, and/or another form of actuator that gen-
erates the desired control.
[0098] As described previously, the vehicle 100 can
include one or more modules, at least some of which are
described herein. In at least one arrangement, the mod-
ules are implemented as non-transitory computer-read-
able instructions that, when executed by the processor
110, implement one or more of the various functions
described herein. In various arrangements, one or more
of the modules are a component of the processor(s) 110,
or one or more of the modules are executed on and/or
distributed amongother processing systems towhich the
processor(s) 110 is operatively connected. Alternatively,
or in addition, the oneormoremodules are implemented,
at least partially,withinhardware.Forexample, theoneor
more modules may be comprised of a combination of
logic gates (e.g., metal-oxide-semiconductor field-effect
transistors (MOSFETs)) arranged to achieve the de-
scribed functions, an application-specific integrated cir-
cuit (ASIC), programmable logic array (PLA), field-pro-
grammable gate array (FPGA), and/or another electronic
hardware-based implementation to implement the de-
scribed functions. Further, in one or more arrangements,
one or more of the modules can be distributed among a
plurality of the modules described herein. In one or more
arrangements, two or more of the modules described
herein can be combined into a single module.
[0099] Furthermore, the vehicle 100 may include one
or more automated drivingmodules 160. The automated
driving module(s) 160, in at least one approach, receive
data from the sensor system 120 and/or other systems
associated with the vehicle 100. In one or more arrange-
ments, the automated driving module(s) 160 use such
data to perceive a surrounding environment of the vehi-
cle. The automated driving module(s) 160 determine a
position of the vehicle 100 in the surrounding environ-
ment and map aspects of the surrounding environment.
For example, the automated driving module(s) 160 de-
termines the location of obstacles or other environmental
features including traffic signs, trees, shrubs, neighbor-
ing vehicles, pedestrians, etc.
[0100] The automated driving module(s) 160 either
independently or in combination with the convoy man-
agement system 170 can be configured to determine
travel path(s), current autonomous driving maneuvers
for the vehicle 100, future autonomous driving maneu-
vers and/or modifications to current autonomous driving
maneuvers basedondataacquiredby the sensor system
120 and/or another source. In general, the automated
driving module(s) 160 functions to, for example, imple-
ment different levels of automation, including advanced
driving assistance (ADAS) functions, semi-autonomous
functions, and fully autonomous functions, as previously
described.
[0101] Detailed embodiments are disclosed herein.
However, it is to be understood that the disclosed embo-
diments are intended only as examples. Therefore, spe-
cific structural and functional details disclosed herein are
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not to be interpreted as limiting, but merely as a basis for
the claims and as a representative basis for teaching one
skilled in the art to variously employ the aspects herein in
virtually any appropriately detailed structure. Further, the
terms and phrases used herein are not intended to be
limiting but rather to provide an understandable descrip-
tion of possible implementations. Various embodiments
are shown in FIGS. 1‑6, but the embodiments are not
limited to the illustrated structure or application.
[0102] The flowcharts and block diagrams in the fig-
ures illustrate the architecture, functionality, and opera-
tion of possible implementations of systems, methods,
and computer program products according to various
embodiments. In this regard, each block in the flowcharts
or block diagrams may represent a module, segment, or
portion of code,which comprises oneormoreexecutable
instructions for implementing the specified logical func-
tion(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may
occur out of the order noted in the figures. For example,
twoblocks shown in successionmay, in fact, be executed
substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the
functionality involved.
[0103] The systems, components and/or processes
described above can be realized in hardware or a com-
bination of hardware and software and can be realized in
a centralized fashion in one processing system or in a
distributed fashion where different elements are spread
across several interconnected processing systems. The
systems, components and/or processes also can be
embedded in a computer-readable storage, such as a
computer programproductorotherdataprogramstorage
device, readable by a machine, tangibly embodying a
program of instructions executable by the machine to
perform methods and processes described herein.
These elements also can be embedded in an application
product which comprises the features enabling the im-
plementationof themethodsdescribedhereinand,which
when loaded in a processing system, is able to carry out
these methods.
[0104] Furthermore, arrangements described herein
may take the form of a computer program product em-
bodied in one or more computer-readable media having
computer-readable program code embodied, e.g.,
stored, thereon. Any combination of one or more com-
puter-readable media may be utilized. The phrase "com-
puter-readable storagemedium"means a non-transitory
storage medium. A computer-readable storage medium
may be, for example, but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-
ductor system, apparatus, or device, or any suitable
combination of the foregoing. A non-exhaustive list of
the computer-readable storage medium can include the
following: a portable computer diskette, a hard disk drive
(HDD), a solid-state drive (SSD), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a portable compact disc

read-only memory (CD-ROM), a digital versatile disc
(DVD), an optical storage device, a magnetic storage
device, or acombinationof the foregoing. In thecontext of
this document, a computer-readable storage medium is,
for example, a tangible medium that stores a program for
use by or in connection with an instruction execution
system, apparatus, or device.
[0105] Program code embodied on a computer-read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wireline,
optical fiber, cable, RF, etc., or any suitable combination
of the foregoing. Computer programcode for carrying out
operations for aspects of the present arrangements may
be written in any combination of one or more program-
ming languages, including an object-oriented program-
ming language such as Java™, Smalltalk, C++ or the like
and conventional procedural programming languages,
such as the "C" programming language or similar pro-
gramming languages. The program code may execute
entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly
on the user’s computer and partly on a remote computer,
or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer
(for example, through the Internet using an Internet Ser-
vice Provider).
[0106] The terms "a" and "an," as used herein, are
defined as one or more than one. The term "plurality,"
as used herein, is defined as two or more than two. The
term "another," as used herein, is defined as at least a
second or more. The terms "including" and/or "having,"
as used herein, are defined as comprising (i.e., open
language). The phrase "at least one of ... and ...." as used
herein refers to and encompasses any and all possible
combinations of one or more of the associated listed
items. As an example, the phrase "at least one of A, B,
andC" includes Aonly, B only, C only, or any combination
thereof (e.g., AB, AC, BC or ABC).
[0107] Aspects herein can be embodied in other forms
without departing from the spirit or essential attributes
thereof. Accordingly, reference should be made to the
following claims, rather than to the foregoing specifica-
tion, as indicating the scope hereof.

Claims

1. A system, comprising:

a processor; and
a memory storing machine-readable instruc-
tions that, when executed by the processor,
cause the processor to:

detect an obstacle in a path of a convoy;
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determine that a vehicle in the convoy is to
execute obstacle avoidance based on a
property of the vehicle and a physical prop-
erty of the obstacle; and
disengage a following mode of the convoy
responsive to a determination that the ve-
hicle is to execute obstacle avoidance.

2. The system of claim 1, wherein:

the property of the vehicle comprises at least
one of:

a dimension of the vehicle;
an operational capability of the vehicle; or
a position of the vehicle; and

the physical property of the obstacle comprises
at least one of:

a dimension of the obstacle;
a position of the obstacle; or
a movement of the obstacle.

3. The system of claim 1, wherein the machine-read-
able instructions further comprise a machine-read-
able instruction that, when executed by the proces-
sor, causes the processor to re-engage the following
mode when the convoy has passed the obstacle.

4. The system of claim 3, wherein the machine-read-
able instruction that, when executed by the proces-
sor, causes the processor to re-engage the following
mode when the convoy has passed the obstacle
comprises at least one of:

a machine-readable instruction that, when exe-
cuted by the processor, causes the processor to
share information with a second vehicle of the
convoy;
a machine-readable instruction that, when exe-
cuted by the processor, causes the processor to
alter operation of vehicles of the convoy; or
a machine-readable instruction that, when exe-
cuted by the processor, causes the processor to
calculate a return path of a following vehicle to a
position behind a lead vehicle.

5. The system of claim 1, wherein the machine-read-
able instructions further comprise a machine-read-
able instruction that, when executed by the proces-
sor, causes the processor to collect data indicating
properties of vehicles in the convoy during initializa-
tion of the convoy.

6. The system of claim 1, wherein the machine-read-
able instructions further comprise a machine-read-
able instruction that, when executed by the proces-

sor, causes the processor to transmit the physical
property of the obstacle to a following vehicle such
that the following vehicle executes obstacle avoid-
ance based on a property of the following vehicle.

7. The system of claim 1, wherein the machine-read-
able instructions further comprise a machine-read-
able instruction that, when executed by the proces-
sor, causes theprocessor to transmit obstacle avoid-
ance commands for a following vehicle to the follow-
ing vehicle based on a property of the following
vehicle.

8. The system of claim 7, wherein the machine-read-
able instructions further comprise a machine-read-
able instruction that, when executed by the proces-
sor, causes the processor to generate the obstacle
avoidance commands for the following vehicle
based on the property of the following vehicle and
the physical property of the obstacle.

9. The system of claim 7, wherein the machine-read-
able instruction that, when executed by the proces-
sor, causes the processor to transmit the obstacle
avoidance commands for the following vehicle to the
following vehicle based on the property of the follow-
ing vehicle comprises a machine-readable instruc-
tion that, when executed by the processor, causes
the processor to transmit the obstacle avoidance
commands for the following vehicle to the following
vehicle that are different from obstacle avoidance
commands for a lead vehicle in the convoy.

10. A non-transitory machine-readable medium com-
prising instructions that, when executed by a pro-
cessor, cause the processor to:

detect an obstacle in a path of a convoy;
determine that a vehicle in the convoy is to
execute obstacle avoidance based on a prop-
erty of the vehicle and a physical property of the
obstacle; and
disengage a following mode of the convoy re-
sponsive to a determination that the vehicle is to
execute obstacle avoidance.

11. The non-transitory machine-readable medium of
claim 10, wherein the instructions further comprise
an instruction that, when executed by the processor,
causes the processor to re-engage the following
mode when the convoy has passed the obstacle.

12. The non-transitory machine-readable medium of
claim 10, wherein the instructions further comprise
an instruction that, when executed by the processor,
causes the processor to collect data indicating prop-
erties of vehicles in the convoy during initialization of
the convoy.
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13. The non-transitory machine-readable medium of
claim 10, wherein the instructions further comprise
an instruction that, when executed by the processor,
causes the processor to transmit the physical prop-
erty of the obstacle to a following vehicle such that
the following vehicle executes obstacle avoidance of
the obstacle based on a property of the following
vehicle.

14. The non-transitory machine-readable medium of
claim 10, wherein the instructions further comprise
an instruction that, when executed by the processor,
causes theprocessor to transmit obstacleavoidance
commands for a following vehicle to the following
vehicle based on a property of the following vehicle.

15. The non-transitory machine-readable medium of
claim 14, wherein:

the instructions further comprise an instruction
that, when executed by the processor, causes
the processor to generate the obstacle avoid-
ance commands for the following vehicle based
on the property of the following vehicle and the
physical property of the obstacle; and
the obstacle avoidance commands for the fol-
lowing vehicle are different from obstacle avoid-
ance commands for a lead vehicle in the convoy.

16. A method, comprising:

detecting an obstacle in a path of a convoy;
determining that a vehicle in the convoy is to
execute obstacle avoidance based on a prop-
erty of the vehicle and a physical property of the
obstacle; and
disengaging a following mode of the convoy
responsive to a determination that the vehicle
is to execute obstacle avoidance.

17. The method of claim 16, further comprising re-en-
gaging the following mode when the convoy has
passed the obstacle.

18. Themethodof claim16, further comprisingcollecting
data indicating properties of vehicles in the convoy
during initialization of the convoy.

19. Themethod of claim 16, further comprising transmit-
ting the physical property of the obstacle to a follow-
ing vehicle such that the following vehicle executes
obstacle avoidance of the obstacle based on a prop-
erty of the following vehicle.

20. The method of claim 16, further comprising generat-
ing and transmitting obstacle avoidance commands
for a following vehicle to the following vehicle based
onapropertyof the followingvehicleand thephysical

property of the obstacle, wherein the obstacle avoid-
ance commands for the following vehicle are differ-
ent from obstacle avoidance commands for a lead
vehicle in the convoy.
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